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1
POWER DEVICES AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefitunder 35 U.S.C. §119 of
Korean Patent Application No. 10-2011-0144059, filed on
Dec. 28, 2011, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference.

BACKGROUND

1. Field

Embodiments relate to a power device and a manufacturing
method for the power device.

2. Description of the Related Art

A semiconductor light emitting diode (LED) is a semicon-
ductor device that generates various colors of light upon
application of a current through recombination of electrons
and holes at a p-n junction between p-type and n-type semi-
conductors. In comparison to a filament-based LED, the
semiconductor LED may have a longer life, lower power
consumption, excellent initial driving characteristics, and
higher vibration resistance. Thus, there has been a continuous
increase in demand for semiconductor LEDs. For example, a
nitride semiconductor capable of emitting a short-wavelength
blue light has been drawing attention.

Recently, with a rapid development of information and
communication technology throughout the world, communi-
cation technology for large-capacity signal transmission has
been developing rapidly. Particularly, in the field of wireless
communication technology, as demand has increased for per-
sonal mobile phones, satellite communication, military radar,
broadcasting communication, and communication relays,
and the like, demand has also increased for a high-speed
high-power electronic device for an ultrahigh-speed informa-
tion communication system using a microwave and millime-
ter wave bandwidth. In addition, research has been under way
for applications related to high-power devices and reductions
in energy loss.

SUMMARY

Embodiments are directed to a power device including a
substrate, a silicon carbide (Si,C,_,) layer on one surface of
the substrate, and a re-grown gallium nitride (GaN) layer
formed by etching a part ofthe Si,C, _, layer and growing GaN
from an etched area of the Si,C, . layer. The value x of the
Si.C, _, layer may be within a range of O<x<1.

The substrate may be an n-type SiC substrate, and the
re-grown GaN layer may be a p-GaN layer doped with p-type
impurities. The power device may be a Schottky barrier diode
(SBD) and may further include a first electrode onthe Si, C,
layer, and a second electrode on another surface of the sub-
strate, opposite to the surface on which the Si,C, | layer is
located. The Si,C, . layer may be an n-type Si,C,_, layer
doped with n-type impurities. The first electrode may include
a material selected from nickel (Ni), gold (Au), copper
indium oxide (CulnQ,), indium tin oxide (ITO), platinum
(Pt), and alloys thereof. The second electrode may include a
material selected from chromium (Cr), aluminum (Al), tan-
talum (Ta), thallium (T1), and Au. A doping concentration of
the p-type impurities of the p-GaN layer may be about 1.0x
10"%/cm? to about 1.0x10*%cm’.

The substrate may be a p-type SiC layer, and the re-grown
GaN layer may be an n-GaN layer doped with n-type impu-
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rities. The power device may be a field effect transistor (FET)
and may further include a gate electrode on the Si C, _ layer
and a source electrode and a drain electrode disposed on the
n-GaN layer. The Si,C, _, layer may be a p-type Si,C, _, layer
doped with p-type impurities. The source electrode and the
drain electrode may include a material selected from Ni, Au,
CulnO,, ITO, Pt, and alloys thereof. The source electrode and
the drain electrode include a material selected from an alloy
of' Ni and Au, an alloy of CulnO, and Au, an alloy of ITO and
Au, an alloy of Ni, Pt, and Au, and an alloy of Pt and Au. A
doping concentration of the n-type impurities of the n-GaN
layer may be about 1.0x10'5/cm? to about 1.0x10*%/cm?.

Embodiments are also directed to a manufacturing method
for a power device, the method including forming a Si,C,
layer on one surface of a substrate, etching a part of the
Si.C,_, layer, and growing GaN from an etched area of the
Si,C, , layer to form a re-grown GaN layer.

The growing of GaN from the etched area of the Si.C,
layer to form the re-grown GaN layer may be performed
within a temperature range of about 1000° C. to about 1200°
C.

The substrate may be an n-type SiC substrate, and the
re-grown GaN layer may be a p-GaN layer doped with p-type
impurities. The manufacturing method may further include
forming a first electrode on the re-grown GaN layer and the
Si,C, , layer such that the first electrode is in contact with the
re-grown GaN layer, and forming a second electrode on
another surface of the substrate, opposite to the one surface on
which the Si, C, _ layer is disposed. The Si,C, _, layer may be
an n-type Si,C, _, layer doped with n-type impurities.

The substrate may be a p-type SiC substrate, and the re-
grown GaN layer may be an n-GaN layer doped with n-type
impurities. The manufacturing method may further include
forming a gate electrode on the Si,C,_, layer, and forming a
source electrode and a drain electrode on the n-GaN layer.
The Si C,  layer may be a p-type Si,C,_, layer doped with
p-type impurities.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

FIG. 1 illustrates a diagram depicting a power device
according to an embodiment;

FIG. 2 illustrates a diagram depicting a power device
according to another embodiment; and

FIGS. 3A to 3D illustrate diagrams depicting stages of a
process of manufacturing the power device shown in FIG. 1.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be



US 9,136,365 B2

3

present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

FIG. 1 illustrates a case in which a power device according
to an embodiment is a Schottky barrier diode (SBD). FIG. 2
illustrates a case in which a power device according to another
embodiment is a field effect transistor (FET) provided in a
metal oxide semiconductor (MOS) structure, that is, a MOS-
FET.

The power devices, of FIG. 1 and FIG. 2, may include
substrates 110 and 120, silicon carbide (Si,C,_,) layers 210
and 220, and re-grown gallium-nitride (GaN) layers 310 and
320, respectively.

With reference to FIG. 1, when the power device is an SBD,
the substrate 110 may be an n-type SiC substrate doped with
n-type impurities.

The Si,C, , layer 210 may be disposed on one surface of
the substrate 110. In the Si,C, _, layer 210, silicon (Si) and
carbon (C) may be mixed at a predetermined ratio and the
predetermined ratio may be adjusted as desired. The Si,C,
layer 210 may facilitate a flow of current. A value x of the
Si,C, _, layer 210 may be within a range of 0<x<1. According
to an exemplary embodiment, the value x may be within a
range of 0.6<x<1.

The re-grown GaN layer 310 may be formed by etching a
partofthe 8i,C, _, layer 210 and growing GaN from an etched
area of the Si,C, , layer 210. The re-grown GaN layer may
grow from an inside of the Si,C, _ layer 210 up to a surface of
the Si.C, _, layer 210.

Here, the re-grown GaN layer 310 may be a p-GaN layer
310 doped with p-type impurities. The p-type impurities may
include magnesium (Mg), zinc (Zn), beryllium (Be), or the
like. A doping concentration of the p-type impurities of the
re-grown GaN layer 310 may be about 1.0x10"%/cm? to about
1.0x10*°/cm>. The re-grown GaN layer 310 doped with the
p-type impurities may contact a first electrode 400 that will be
described below. The re-grown GaN layer 310 may reduce a
leakage current.

The substrate 110 shown in FIG. 1 may be an n-type SiC
substrate doped with n-type impurities. The Si C, | layer 210
may also be an n-type Si,C, . layer doped with n-type impu-
rities. In the n-type Si,C, _ layer 210, a doping concentration
of the n-type impurities may be about 1.0x10"%/cm? to about
1.0x10*°/cm>. The n-type impurities may include Si, germa-
nium (Ge), selenium (Se), tellurium (Te), C, or the like.

When the re-grown GaN layer 310 is doped with p-type
impurities, a p-n junction is formed along the re-grown GaN
layer 310, and a depletion layer is formed near a p-n junction
interface during formation of the p-n junction. Accordingly, a
high withstand voltage may be achieved. Free electrons and
holes may diftfuse toward each other at the p-n junction inter-
face during formation of the p-n junction. Accordingly, a local
potential difference may be generated, thereby bringing about
a balanced state. The depletion layer without carriers may be
formed due to the balanced state. As a result, the withstand
voltage may be increased.

The depletion layer may reduce or prevent a leakage cur-
rent generated at a Schottky junction area from leaking
toward the first electrode 400. The depletion layer may be
formed along the p-GaN layer 310 when an inverse voltage is
applied. Accordingly, the leakage current leaking toward the
first electrode 400 may be reduced.

Furthermore, the p-GaN layer 310 may grow from the
etched area of the Si,C, _, layer 210. Accordingly, damage of
a crystal may be reduced or prevented, and reliability may be
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secured. Also, a dedicated ion implantation device may be
unnecessary. Accordingly, the manufacturing process may be
simplified and costs may be reduced.

An insulating layer 600 may be disposed in an area includ-
ing the p-GaN layer 310 on the Si, C, _ layer 210. The insu-
lating layer is not formed in an area where the first electrode
400 is located.

The first electrode 400 (as a Schottky contact) may be
disposed on the Si,C, _, layer 210. The first electrode 400 may
have a high Schottky barrier. Height of the Schottky barrier
refers to a difference in a work function, which may deter-
mine characteristics of the SBD. As the difference in the work
function is greater, a forward voltage of'the SBD is increased,
whereas the leakage current resistance is reduced when an
inverse voltage is applied.

Therefore, the leakage current of the first electrode 400
may be reduced by forming a high Schottky barrier. The first
electrode 400 may be made of a material selected from nickel
(N1), gold (Au), copper indium oxide (CulnO,), indium tin
oxide (ITO), platinum (Pt), and alloys of the foregoing mate-
rials. The alloy may include an alloy of Ni and Au, an alloy of
CulnO, and Au, analloy of ITO and Au, an alloy of Ni, Pt, and
Au, or an alloy of Pt and Au, as examples.

A second electrode 500 may be an ohmic electrode dis-
posed on another surface of the substrate 110, opposite to the
surface on which the Si,C, , layer 210 is disposed. The sec-
ond electrode 500 may have a low Schottky barrier and there-
fore may facilitate a flow of forward current. The second
electrode 500 may be made of a material selected from chro-
mium (Cr), aluminum (Al), tantalum (Ta), thallium (T1), and
gold (Au).

Referring to FIG. 2 in which the power device is illustrated
as a FET, the substrate 120 may be a p-type SiC substrate
doped with p-type impurities.

The Si,C, , layer 220 may be disposed on one surface of
the substrate 120. In the Si,C, _, layer 220, Si and C may be
mixed or may be present at a predetermined ratio, and the
predetermined ratio may be adjusted as desired. The Si,C,
layer 220 may facilitate a flow of current. A value x of the
Si,C, _, layer 220 may be within a range of 0<x<1. According
to an exemplary embodiment, the value x may be within a
range of 0.6<x<1.

The re-grown GaN layer 320 may be formed by etching a
part ofthe Si,C, _, layer 220 and growing GaN from an etched
area of the Si.C, _ layer 220. For example, the re-grown GaN
layer may grow from an inside of the Si, C,  layer 220 up to
a surface of the Si, C,  layer 220.

Here, the re-grown GaN layer 320 may be an n-GaN layer
320 doped with n-type impurities. The n-type impurities may
include Si, Ge, Se, Te, C, or the like. The re-grown GaN layer
320 doped with n-type impurities may reduce ohmic resis-
tance through contact with a source electrode 710 and a drain
electrode 720, consequently increasing a current density.

The substrate 120 of FIG. 2 may be a p-type SiC substrate
doped with p-type impurities. The Si,C,  layer 220 may also
be a p-type Si,C, _, layer doped with p-type impurities. The
p-type impurities may include Mg, Zn, Be, or the like.

When the re-grown GaN layer 320 is doped with n-type
impurities, a p-n junction is formed along the n-GaN layer
320. A depletion layer may be formed near a p-n junction
interface during formation of the p-n junction. Accordingly, a
high withstand voltage may be achieved. The depletion layer
may reduce or prevent a leakage current.

A gate insulating layer 800 may be formed corresponding
to a position of a gate electrode 730. The gate insulating layer
800 may be made of a material selected from silicon dioxide
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(8i0,), silicon nitride (SiN,), aluminum oxide (Al,Oy;),
hafnium oxide (HfO,), and gallium oxide (Ga,O;).

Hereinafter, a manufacturing method of a SBD shown in
FIG. 1 will be described. FIGS. 3A to 3D illustrate a process
of manufacturing the SBD shown in FIG. 1.

Referring to FIGS. 3A to 3D, the manufacturing method of
the SBD may include forming the Si,C,  layer 210 on the
surface of the substrate 110, and forming the re-grown GaN
layer 310 by etching a part of the Si C, . layer 210 and
growing GaN from the etched area of the Si,C, _ layer 210.

As shown in FIG. 3 A, after the Si,C, _, layer 210 is formed
on the surface of the substrate 110, an insulating layer 610
may be formed on the Si C,_, layer 210 to be used as an
etching mask for a photolithography process. The insulating
layer 610 may be made of a material selected from SiN,,
silicon oxide (Si0, ), and Al,O,.

Referring to FIG. 3B, the insulating layer 610 is partially
removed corresponding to positions to form the re-grown
GaN layer 310, that is, the p-GaN layer 310. A part of the
insulating layer 610 corresponding to a position of the p-GaN
layer 310 is removed by an etching method such as dry
etching, thereby exposing a part of the Si,C, _ layer 210. Only
a part of the exposed part of the Si,C,  layer 210 is etched.

Referring to FIG. 3C, GaN is grown from the etched area of
the Si C,_, layer 210, and the GaN is doped with p-type
impurities, thereby forming the p-GaN layer 310. The p-GaN
layer 310 may be formed by growing the GaN using a metal
organic chemical vapor deposition (MOCVD) method.

The forming of the p-GaN layer 310, that is, the re-grown
GaN layer 310, may be performed within a temperature range
of'about 1,000° C. to about 1,200° C. Thus, the p-GaN layer
310 may be formed under the high temperature. Accordingly,
damage to a thin film crystal may be reduced or prevented,
thereby securing reliability. Furthermore, ion implantation
and heat treatment are not separately required. Accordingly,
the manufacturing process may be simplified and costs may
be reduced.

In addition, the p-n junction is formed along the p-GaN
layer 310, and the depletion layer is formed near the p-n
junction interface during the formation of the p-n junction.
Therefore, a high withstand voltage may be achieved. The
depletion layer may be formed along a p-GaN layer 310 when
aninverse voltage is applied. Accordingly, the leakage current
generated from a Schottky junction may be reduced or pre-
vented from leaking toward the first electrode 400.

Referring to FIG. 3D, after the p-GaN layer 310 is formed,
the first electrode 400 and insulating layer 600 are formed on
the Si C, , layer 210. The second electrode 500 is formed on
another surface of the substrate 110. The first electrode 400
may be disposed to contact the p-GaN layer 310. The first
electrode 310 may be made of a material selected from Ni,
Au, CulnQ,, ITO, Pt, and an alloy of the foregoing materials.
The alloy may include an alloy of Ni and Au, an alloy of
CulnO, and Au, analloy of ITO and Au, an alloy of Ni, Pt,and
Au, or an alloy of Pt and Au, as examples. The second elec-
trode 500 may be made of a material selected from Cr, Al, Ta,
T1, and Au.

It is to be understood that the FET depicted in FIG. 2 may
be formed in a similar manner as described above, except for
using a p-type substrate 120, forming a p-type Si,C, _, layer
220, and forming an n-type re-grown GaN layer 320. In
addition, a source electrode 710, drain electrode 720, gate
insulation layer 800, and gate electrode 730 are formed.

By way of summation and review, nitride semiconductors
are being actively researched throughout the world for appli-
cation not only to optical devices but also to high-frequency
high-power electronic devices. The nitride semiconductor
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may have excellent physical properties such as a large energy
gap, high thermal stability, and high electron saturation veloc-
ity (~3x107 cm/sec). An electronic device using a nitride
semiconductor may have various advantages such as a high
breakdown electric field (~3x10° V/cm) and high maximum
current density, stable high-temperature operation, and high
conductivity.

A heterostructure field effect transistor (HFET) using a
hetero junction structure of a compound semiconductor may
have a large band-discontinuity at a junction interface. There-
fore, high density electrons may be freed at the junction
interface, thereby increasing electron mobility. Such a physi-
cal property enables the HFET to be applied as a high-power
device.

A silicon carbide (SiC) device having a large band gap has
generally been used as the power device. The SiC device may
be mass-produced in a Schottky barrier diode (SBD) struc-
ture. However, in forming an SiC device, implantation equip-
ment for injecting carriers in a p-type nitride semiconductor
layer may be necessary, and heat treatment under a high
temperature may be required for activation of the carriers.

In contrast, embodiments may provide a power device
capable of reducing a leakage current and a manufacturing
method for a power device that is simplified and has an
increased reliability.

Inthe power device according to embodiments, a re-grown
GaN layer is formed on a Si,C, _, layer. Accordingly a deple-
tion layer may be formed when an inverse current is applied.
Consequently, the power device may reduce a leakage cur-
rent.

The manufacturing method of the power device according
to the embodiment forms a re-grown GaN layer by etching a
partofaSi C,  layerand growing a re-grown GaN layer from
anetched area ofthe Si, C, , layer. Therefore, damage to a thin
film crystal may be reduced or prevented, thereby securing
reliability. Also, a dedicated ion implantation and heat treat-
ment may be unnecessary. Accordingly, the manufacturing
process may be simplified and costs may be reduced.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise specifically indicated. Accordingly, it
will be understood by those of skill in the art that various
changes in form and details may be made without departing
from the spirit and scope as set forth in the following claims.

What is claimed is:

1. A power device, comprising:

a substrate;

a silicon carbide (Si,C,_,) layer on one surface of the sub-
strate, wherein 0<x<1, the Si,C,  layer including an
etched area, the etched area of the Si,C, _, layer being in
a form of a depression in the Si,C, _, layer; and

a re-grown gallium nitride (GaN) layer grown from the
etched area of the Si,C, _, layer such that the re-grown
GaN layer fills the etched area of the Si C, | layer and
directly contacts a bottom and sides of the Si,C, _ layer
in the etched area.

2. The power device as claimed in claim 1, wherein:

the substrate is an n-type SiC substrate, and

the re-grown GaN layer is a p-GaN layer doped with p-type
impurities.
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3. The power device as claimed in claim 2, wherein the
power device is a Schottky barrier diode (SBD) and further
comprises:

a first electrode on the Si,C, _ layer; and

a second electrode on another surface of the substrate, the

other surface being opposite to the one surface on which
the Si,C, , layer is located.

4. The power device as claimed in claim 3, wherein the
Si,C, . layer is an n-type Si,C, . layer doped with n-type
impurities.

5. The power device as claimed in claim 2, wherein a
doping concentration of the p-type impurities of the p-GaN
layer is about 1.0x10'%/cm® to about 1.0x10*°/cm>.

6. The power device as claimed in claim 1, wherein:

the substrate is a p-type SiC layer, and

the re-grown GaN layer is an n-GaN layer doped with

n-type impurities.

7. The power device as claimed in claim 6, wherein the
power device is a field effect transistor (FET) and further
comprises:

a gate electrode disposed on the Si C,  layer; and

asource electrode and a drain electrode on the n-GaN layer.
8. The power device as claimed in claim 7, wherein the
Si.C, _ layerisap-type Si,C,_, layer doped with p-type impu-
rities.
9. The power device as claimed in claim 6, wherein a
doping concentration of the n-type impurities of the n-GaN
layer is about 1.0x10'%/cm? to about 1.0x10*%/cm?.
10. The power device as claimed in claim 1, wherein a top
surface of the re-grown gallium nitride (GaN) layer is copla-
nar with a top surface of the Si,C, _ layer.
11. A manufacturing method for a power device, the manu-
facturing method comprising:
forming a silicon carbide (Si,C,_,) layer on one surface of
a substrate, wherein O<x<1;

etching a part of the Si,C, _ layer to provide an etched area,
the etched area being in a form of a depression in the
SiC, , layer; and

growing gallium nitride (GaN) from the etched area of the
Si,C, , layer to form a re-grown (GaN) layer, the re-
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grown GaN layer filling the etched area of the Si.C,
layer and directly contacting a bottom and sides of the
etched area of the Si,C, _ layer.

12. The manufacturing method as claimed in claim 11,
wherein the growing of GaN from the etched area of the
Si,C, _, layer to form the re-grown GaN layer is performed
within a temperature range of about 1,000° C. to about 1,200°
C.

13. The manufacturing method as claimed in claim 11,
wherein:

the substrate is an n-type SiC substrate, and

the re-grown GaN layer is a p-GaN layer doped with p-type

impurities.

14. The manufacturing method as claimed in claim 13,
further comprising:

forming a first electrode on the re-grown GaN layer and the

Si,C, . layer such that the first electrode is in contact
with the re-grown GaN layer; and

forming a second electrode on another surface of the sub-

strate, the other surface being opposite to the one surface
on which the Si,C, _, layer is disposed.

15. The manufacturing method as claimed in claim 14,
whereinthe Si C, _ layerisann-type Si C,  layer doped with
n-type impurities.

16. The manufacturing method as claimed in claim 11,
wherein

the substrate is a p-type SiC substrate, and

the re-grown GaN layer is an n-GaN layer doped with

n-type impurities.

17. The manufacturing method as claimed in claim 16,
further comprising:

forming a gate electrode on the Si,C,_, layer; and

forming a source electrode and a drain electrode on the

n-GaN layer.

18. The manufacturing method as claimed in claim 17,
wherein the Si, C, _ layer is a p-type Si C, _, layer doped with
p-type impurities.



